METAL-TO-METAL SEAL WITH WIPER ELEMENT AND WELLHEAD
SYSTEM INCORPORATING SAME Field of the Invention: [0001] This
invention relates in general to subsea Christmas trees and wellhead
assemblies and in particular to a seal for sealing between inner and outer
wellhead members or between a Christmas tree and tubing hanger.
Background of the Invention: [0002] Seals are used between inner and
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a wellhead housing and that supports a string of casing extending into the
well. A seal or packoff seals between the casing hanger and the wellhead
housing. Alternatively, the inner wellhead member could be a tubing

Fh@lﬂ%?rtﬁQ |,SupRArtSs a string of tubing extending into the well for the flow
cl)f pI’OdUCtEI}OH lﬁgll.l“l'he tubing hanger lands in an outer wellhead
member, which may be a wellhead housing, a Christmas tree, or a tubing
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wellhead member. [0003] A variety of seals of this nature have been
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metal and elastomeric rings. Prior art seal rings made entirely or partially

nefrbatabfdefosan agCmBtadonneialisapifeigalso employed. The seals
may be set by a running tool, or they may be set in response to the weight

of
Background of the Invention:

[0002] Seals are used between inner and outer wellhead tubular and/or tree head
members to contain internal well pressure. The inner wellhead member may be a casing
hanger located in a wellhead housing and that supports a string of casing extending into
the well. A seal or packoff seals between the casing hanger and the wellhead housing.
Alternatively, the inner wellhead member could be a tubing hanger that supports a string
of tubing extending into the well for the flow of production fluid. The tubing hanger
lands in an outer wellhead member, which may be a wellhead housing, a Christmas tree,
or a tubing head. A packoff or seal, seals between the tubing hanger and the outer

wellhead member.

[0003] A variety of seals of this nature have been employed in the prior art. Prior art
seals include elastomeric and partia?ly metal and elastomeric rings. Prior art seal rings
made entirely or partially of metal for forming metal-to-metal seals are also employed.
The seals may be set by a running tool, or they may be set in response to the weight of

the string of casing or tubing.




the string of casing or tubing. 1 [0004] If the bore or surface of the outer
wellhead or treehead member is damaged, a seal would struggle to

maintain a seal. The elastomeric portion can provide additional

robustness to the seal to help maintain a sea or effect a seall. However,

the elastomeric portion of the seal assembly may not have sufficient

radial energization and may result in leakage, sub-optimal wiping, and

[es TP YIRS IPSIRESESH IRARRE! W IRORPABERI LD Bdamaged, a seal
technique that addresses the seal leakage, wiping, and robustness
woaklesagesadbediahnve. Jhe folawingsesRRGURMAY salVerthese additional
problems. 2 Summary of the Invention: [0006] In an embodiment of the
pERstRbiachnéceel @ $en) assaably isPoevded thahiCONRKSRS, e elastomeric
U-shaped seals that form a metal-to-metal seal and has features that
portiense diesealusstntdg mhiheosaalassiitibly iadibbcpyittiofand may result in
degradation or defects in a bore of an outer wellhead or treehead
leakagbesuinopemsd sviipegiHiicLlegsabmaintasnimthasad al. gehersleal assembly
also has an elastomeric wiper element formed between the two seals that
could wipe the bore of the outer wellhead member of debris during

[0 Aidsedranstsdar asdechpiguer ibajvigdipsiedhes sesplicakieds thiphig) and
assembly is pressurized from above when at its final landed position. The
rg@g{gﬁ%rmb]%se@%@}hegb@ove. The following technique may solve these

problems.




provides additional support for the legs of the two U-shaped seals and can
provide additional radial energization for the seal assembly. [0007] In an
illustrated embodiment, wedges can be forced into the u-shaped pocket of
each of the seals to create a metal-to-metal seal between the tips of the
legs and the wellhead member surfaces. The wedges may also be wiping
elements. The wedges/wiper further energize the elastomer radially to

SHIRIRYE R P IRBRIPIng of any surface defects on the bore of the
outer wellhead member. Alternatively, a soft metallic material could be

used in place of the elastomer in the wiping element that could
[Bahiidmadty dittbodinesudBde: datsets. tbitniprl asseihhlgdmipliefierphlyided that
pre-assembled onto an inner wellhead member, such as a casing hanger
compriiery twandeshdfied cesinghdiafoger armekihg haegle saihcise dlaastambdy that
may then be lowered into an outer wellhead member, such as a wellhead
ineasn ghorebestessdofi ththea assembly amththev saiaus Bcwittgrdetinventiefaits in
running tool. 3 [0008] In an illustrated embodiment, a cavity may also be
afbprsed ervtssivlbeedoutretinpd dnsedier IPeeasyithendiffiddtsiltdanaititaining a
soft metal or intercalated graphite compound that flows outward and
stalvaFisrisdspsepablynlsedirschp lagarecsin aripetatapens toramereeien the two
metal or intercalated graphite can wipe into surface defects to effectively
s¢alsdhatisemd [WUG@P?E@%@EIE’& forgsaueh arbmegiber eldebis dhsing installation

1gJ-shaped seals may remain empty to  _ . ) .
of the seal assembly. The wiping effect is applicable if the seal assembly is pressurized

from above when at its final landed position. The elastomer wiping element also
provides additional support for the legs of the two U-shaped seals and can provide

additional radial energization for the seal assembly.

[0007] In an illustrated embodiment, wedges can be forced into the u-shaped pocket of
each of the seals to create a metal-to-metal seal between the tips of the legs and the
wellhead member surfaces. The wedges may also be wiping elements. The
wedges/wiper further energize the elastomer radially to improve sealing and wiping of
any surface defects on the bore of the outer wellhead member. Alternatively, a soft
metallic material could be used in place of the elastomer in the wiping element that could
additionally fill minor surface defects. The seal assembly is preferably pre-assembled
onto an inner wellhead member, such as a casing hanger or tubing hanger. The casing
hanger or tubing hanger and seal assembly may then be lowered into an outer wellhead
member, such as a wellhead housing or treehead, in the same run and the seal set with a

conventional running tool.




allow well pressure to act on the inner side of the legs, pushing the legs
outward against the outer and inner wellhead members. This embodiment
would not require the use of a wedge to force the legs outward into
sealing contact with the outer and inner wellhead or treehead members.
[0010] The seal assembly can rest on a shoulder formed on the wellhead
housing or tubing hanger and can be set by a conventional running tool

[G5UsGan RYSIGRREXmBSaRHRRY ANURRIA Gy ISR WS dN6RE&N the two U-

assembly could be set by pressurizing the annular space between the

SafRE apdiinnernyediegd s ireeheaciMeimberso il heeePMnationAtdhgraphite

wiping element, the robustness added to the U-shaped seals by the

SuiRbgRIeaNTIia jeinwdhenmanavwhel ragiabgoasgizatioppREdneredRing and/or
element improves sealing in wellhead or treehead members having
tsnifeceuetegroiiatofsméid Briaftbiesatiatigrapiitbedaranpadstd QithdeFiglsas to
| is a sectional view of a seal assembly of the prior art. [0012] Figure 2A is
cafsaotibpadpaetheda seal assembly in the onset position, in accordance

with an embodiment of the invention. [0013] Figure 2B is a sectional view

of the seal assembly in Figure 2A in the set position, in accordance with

[ApP8mbscmerkst Ered by Ereilses [ooeah Pighedsshaped setls iy /iemadt gmpty to

seal assembly, in accordance with an ) )
allow well pressure to act on the inner side of the legs, pushing the legs outward against

the outer and inner wellhead members. This embodiment would not require the use of a

wedge to force the legs outward into sealing contact with the outer and inner wellhead or

trechead members.

[0010] The seal assembly can rest on a shoulder formed on the wellhead housing or
tubing hanger and can be set by a conventional running tool that can push the seal
assembly into place. Alternatively, the seal assembly could be set by pressurizing the
annular space between the outer and inner wellhead or treechead members. The
combination of the wiping element, the robustness added to the U-shaped seals by the
wiping element that joins them, and the radial energization of the wiping element

improves sealing in wellhead or treehead members haVing surface degradations.




embodiment of the invention. [0015] Figure 4 is a sectional view of a seal
assembly with a central cavity, in accordance with an embodiment of the
invention. [0016] Figure 5 is a sectional view of a seal assembly with a
central cavity and wedges/wipers, in accordance with an embodiment of
the invention. 5 Detailed Description of the Invention: [0017] Referring to
Figure 1, a seal assembly 10 of the prior art is shown located between an
BYWe DI Qriirebeadimgember | I and an inner wellhead or treehead
member 13. Upper and lower metallic rings 12 each have a concave
shape with legs that face each other. An elastomeric seal section 14 fits
[09 thé BgncaVés spactonbiedety nfetadit aivenibly anchbplgeaautward for
sealing against an outer wellhnead member. The bulging portion of
elastomeric seal section 14 deforms against the outer wellhead member,
(9812 hgignrentriside seépaatorieticofen ssebtrspembly) dedhpgunset position, in
engagement with an inner wellhead housing member. Portions of rings 12
aceRlARfs Migagemhodimenta{dhsimsenimead members. This

engagement may be induced from elastomeric energization. [0018]
reing to Fjgure 2A an . embodiment aof the inyention shows.a portion of .
A B R A A 2y g doton.
i LAMNG AR RIS, 809 Aradially xtending shoulder 16.
Aternatlveﬁy, casing hanger 2'cdtid" nsteid be a tubing hanger, plug,
safety valve, or other device. An annular seal assembly

[0014] Figure 3 is a sectional view of a seal assembly, in accordance with an

embodiment of the invention.

[0015] Figure 4 is a sectional view of a seal assembly with a central cavity, in accordance

with an embodiment of the invention.

[0016] Figure 5 is a sectional view of a seal assembly with a central cavity and

wedges/wipers, in accordance with an embodiment of the invention.




27 is fitted to the casing or tubing hanger 13 via interference with the outer
profile of the casing or tubing hanger 13 and is pre-assembled onto the
casing or tubing hanger 13 prior to installation at the well. [0019] The seal
assembly 27 is shown in the unset position and comprises a pair of U-
shaped metal seals 29 having legs 30 that face away from each other. In
this example, the tips 32 of the legs 30 have outer surfaces that create a

ﬂ%?&ﬂk&oﬂ&%@ﬁﬁﬁ'?ﬂmi'},%el'%’%%-‘)f the wellhead or treehead housing and
I i

the outer surface of the casing or tubing hanger 13 when set. The metal
seals 29 can be bi-metallic with a lower yield metal 6 forming the areas of

[peang sertastoRighas, eetiPssn6iyhe Igaae3tiokhe: mekdlarRitePibtween

this example are bonded to a central elastomeric section or wiping

#lemenivalhtadtoetenes figsmbanroximaiehibewinmed of aehsad afdedsr 13.
30 to the other to thereby partially envelope the metal seals 29. The

gppstame lioreeatienal B4 fnghar balgehaoutwasdcardsiapandihndgyipas five each
bore of the wellhead or treehead housing 11 and the outer surface of the

atbeinghorefafimmeharsgar doting indiallatidre. ddneaeaspaeaniesdctiemBik ring 12
may be radially energized to fill defects, improve sealing, and provides

agdppdges@theanh ftalssdilg 28 ifshen metalvediicad hasibepaddb¢adging portion
separated from the base of the other metal seal 29 by a portion of

of |plersematic seetisredm [BodefoThe agsansisbemblyr 27ettadurenober, forcing an
comprises a pair of annular wedges or wiper elements 40 initially in the

igiessidsr ofislastposhivopeahsrtdieatdd initsanl irgcngerepert saH1 an inner wellhead

housing member. Portions of rings 12 sealingly engage the inner and outer wellhead

members. This engagement may be induced from elastomeric energization.

[0018] Referring to Figure 2A an embodiment of the invention shows a portion of an
| inner wellhead or treehead member that comprises a casing hanger 13 having an outer
profile and a radially extending shoulder 16. Alternatively, casing hanger 13 could
instead be a tubing hanger, plug, safety valve, or other device. An annular seal assembly
27 is fitted to the casing or tubing hanger 13 via interference with the outer profile of the
casing or tubing hanger 13 and is pre-assembled onto the casing or tubing hanger 13 prior

to installation at the well.

[0019] The seal assembly 27 is shown in the unset position and comprises a pair of U-
shaped metal seals 29 having legs 30 that face away from each other. In this example,
the tips 32 of the legs 30 have outer surfaces that create a metal-to-metal seal with the
bore of the wellhead or treechead housing and the outer surface of the casing or tubing

hanger 13 when set. The metal seals 29 can be bi-metallic with a lower yield metal




pocket formed by the legs 30 of the metal seals 29. The wedges or wipers
40 may have a groove 42 that can function to direct fluid pressure to
further force legs 30 away from each other when seal assembly 27 is set.
Detents 46 on the outer surface of wedges or wipers 40 temporarily
~engage grooves 44 formed on the inner surface of the legs 30. Detents
46 may be spring loaded to retract out of the grooves 44 and into the body

fohihe Wedaas or WitREs ARSI EIaRSRE WiPsr i (atesPread ial seals
the U-shaped seal pocket. The wedges or wipers 40 may further have

28urfagiesibablanpes Lnw@id vactepthecRkialiaioativebn hievaphacaskauldl that
be cylindrical. In this embodiment, the lower wedge or wiper 40 rests on

et dh rolgiespifonaesdyothéhepsasingrhargsst b3. Iepoauad 2his sifedls thereby
and located on the radially thicker end of each wedge 40. Grooves 42

paxidhdennbjopstiermelistasute 1010 hachastenge oseatipar3d Muahtintdgshortward
legs. 7 [0021] Referring to Figure 2B an embodiment of the invention

agth doveaed podioviphahwbitheafl thousirithéddaod tthehsadh hagsmgily 2 ahd outer
casing hanger 13 described above. Housing 11 is located at an upper

st 0P8 the lbaaing sorvelsgs ngrutdunivegnstadlatiemb&heirelistomremgietion 31
Housing 11 has a bore located therein. The seal assembly 27 and casing

Mgy gerad Bidw s insgigedineolt el blsess ofrimeone wsiting 1ad prowides Sipiptet to the
trip with a conventional running tool 48. Alternatively, wellhead housing 1

metd spels@ % thashgngidioea2q o ndhmra shabis Sovmsblimghp dataefitep other

operation, the bulging outer portion of the elastomeric section
metal seal 29 by a portion of elastomeric section 30.

[0020] The seal assembly 27 may further comprises a pair of annular wedges or wiper
elements 40 initially in the unset or run-in position and located within the U-shaped seal
pocket formed by the legs 30 of the metal seals 29. The wedges or wipers 40 may have a
groove 42 that can function to direct fluid pressure to further force legs 30 away from
each other when seal assembly 27 is set. Detents 46 on the outer surface of wedges or
wipers 40 temporarily engage grooves 44 formed on the inner surface of the legs 30.
Detents 46 may be spring loaded to retract out of the grooves 44 and into the body of the
wedges or wipers 40 as the wedges or wipers 40 are forced into the U-shaped seal pocket.
The wedges or wipers 40 may further have surfaces that taper toward each other or
alternatively the surfaces could be cylindrical. In this embodiment, the lower wedge or
wiper 40 rests on the shoulder 16 formed on the casing hanger 13. Groove 42 is circular
and located on the radially thicker end of each wedge 40. Grooves 42 extend only a short

distance into each wedge or wiper 40, defining short legs.




31 of the seal assembly 27 wipes the bore of the wellhead housing of
debris to improve the sealing surface. In this embodiment, when casing
hanger 13, along with the accompanying seal assembly 27, land within
the bore of the wellhead housing 11. The running tool 48 can apply force
to the upper wedge 40 in a conventional way. A radially extending
shoulder 16 on the casing hanger 13 provides a reaction point for the

[@@ﬁ’l'}eﬂe@ﬁﬁ% g«g&%ﬁ%@%fgﬂchﬁ[?o%?ﬁ%ﬁp%fdﬁreem%?’@ég lgf"\o s)at ortion of a

depress to thér ow the wedges or wipers 40 to be forced into the

whianehrarses fumed é?e)él%@sb%%f@%&ﬂeca@?ﬁ é?g%':s Pdescribed above.

Protrusions 47 on the outer surface of the wedges 40 engage the

MeasRges Radhainteinredhedegsdl IadQd besst BasitieRiTdR member

wedges or wipers 40 force the outer surface of the tips 32 of the legs 30

itk sealinpl€oNAGINIt the WedherdaBeUsIRGh!| FRE I8 £aSHBINANGRY casing
13. Further, the applied force on the wedges 40 compress the central

lRlgsionesmpsytian Ftdahadigdysnagizrdinpgning e here shile trip with a
wellhead housing 11 to provide improved sealing, filling of surface defects
convidiei beteuaiastoeirosidel eupndréig ribithead tedsiads] 28oAldcsnativiilyg spool
the seal assembly 27 can be 8 set through the application of fluid
opreShuistniastitecannular space to act against one of the wedges or wipers

40. [0023] In an additional embodiment illustrated in Figure 3, one or both

of the wedges 40 can additionally have ports 34 that communicate the )
(@02 fidPwingéhg aaming oreraiene thataHsing ntes otiereab ts staspmsic section

metal seal 29. The ports 34 allow trapped fluid to o
31 of the seal assembly 27 wipes the bore of the wellhead housing of debris to improve

the sealing surface. In this embodiment, when casing hanger 13, along with the
accompanying seal assembly 27, land within the bore of the wellhead housing 11. The
running tool 48 can apply force to the upper wedge 40 in a conventional way. A radially
extending shoulder 16 on the casing hanger 13 provides a reaction point for the applied
force. The applied force causes the detents 46 (FIG. 2A) to depress to thereby allow the
wedges or wipers 40 to be forced into the U-shaped pockets formed by the legs 30 of the
metal seals 29. Protrusions 47 on the outer surface of the wedges 40 engage the recesses
44 on the interior of the legs 30 to hold the set position. The wedges or wipers 40 force
the outer surface of the tips 32 of the legs 30 into sealing contact with the wellhead
housing 11 and the casing hanger 13. Further, the applied force on the wedges 40
compress the central elastomeric portion 31 to radially energize it against the bore of the
wellhead housing 11 to provide improved sealing, filling of surface defects on the bore,

and to provide support for the metal seals 28. Alternatively, the seal assembly 27 can be




flow out when wedges 40 are forced into the U-shaped pocket defined by
the legs 30. Additionally, the ports 34 may enable pressure to reach the
inner legs of the "U" seals. [0024] In an additional embodiment illustrated
in Figure 4, a seal assembly 50 comprising U-shaped metal seals 52
having legs 54 with tips 56, is shown. Upper legs 54 extend upward and
lower legs 54 extend downward. In this example, the tips 56 of the legs

seiiraughattepplidaiasdNat i paissadnetdkigniginksaal t/idb iyginorenef of the
the wellhead housing it and the outer surface of the casing hanger 13

vwelign setviplie dases of the metal seals 52 in this example are bonded to
a central metal body 60 having a cavity 62 that is located between the
U-shaped seals 52 such that the legs 54 of the seals 60 face away from
[ briseradriféonalsmiBrliwieninibststedyis Higurstdirenea didwibpd dsfivedges 40
metal 64 that is extruded out from the cavity 62 via at least one passage
g adiitipnalixnihene geRisdh tha goaysapieae Sheisxeting ridherridas 48pNiEh the
_pressure, The soft metal 64 fills defects and accommodate surface .
inderipn suttiens of roleesif @ Sthears@tasrhZibvd s By dthatey Brapsgiuid to
there are two passages, one facing inward and the other outward. T

Ty praseereesis8 ardeisahdméifotstiiaed RrakR deline by F#%et@ss 30.

seals 54 to force the tips 56 op the legs 54 outward and into gcontact with
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flowable soft metal 64 therefore additionally creates a secondary

BB IS ST 0 B ey
cﬁ&%%@@—%ﬁjﬁé&qﬂgﬁfs@als 52 having legs 54 with tips 56, is shown. Upper legs 54
extend upward and lower legs 54 extend downward. In this example, the tips 56 of the
legs 54 have outer surfaces that create a metal-to-metal seal with the bore of the wellhead
housing 11 and the outer surface of the casing hanger 13 when set. The bases of the
metal seals 52 in this example are bonded to a central metal body 60 having a cavity 62
that is located between the U-shaped seals 52 such that the legs 54 of the seals 60 face
away from each other. The cavity 62 within the body 60 contains a flowable soft metal 64
that is extruded out from the cavity 62 via at least one passage or annular gallery 66 when
seal assembly 50 is set in response to applied pressure. The soft metal 64 fills defects and
accommodate surface degradation on the sealing surfaces to improve sealing. In this
example, there are two passages, one facing inward and the other outward. The applied
pressure also acts on the interior surface of the U-shaped metal seals 54 to force the tips
56 on the legs 54 outward and into contact with the bore of the wellhead housing 11 and

the casing hanger 13. The flowable soft metal 64 therefore additionally creates a

secondary metal-to-metal seal. Further, the flowable soft metal 64 may be replenished




flowable metal 64, an intercalated graphite compound could be used that
reacts to small temperature changes with a large change in volume to
thereby flow out of the cavity 62 to fill defects and accommodate surface
degradation. Further alternatively, the intercalated graphite compound
may be contained within the softer metal 64 and act as an energizing
mechanism to promote material flow. [0025] In an additional embodiment

Wikstrateddn FHgdns, @0%'%&@@9@5&{&@&6&%&&2 CARRBIINOURL AN a

the design described in Figure 4. In this embodiment, wedges or wipers

fldWametinnasiniladyidebgwe RE WiRpISUAQ dR3eHRedd] MIGURSEAy small

and 2B, to force the legs 54 of the U-shaped metal seals 52 outward and
tingielay e eriegRsMetRkiRrgy ekahge al beheer herdpshvluher Bgedity 62 to

and the bore of the wellhead housing Il and the outer surface of the

fdadifochangedctomitvdanecdgbrodsyiagasion) dudiliandibrrriestyzehdhittercalated
metallic body 60 to cause flowable soft metal 64 to be extruded out from

ghehigwtymp@intheaydit ruetaikd flishite feets Aadnsasbtrrmod ate assafacagizing
degradation on the sealing surfaces to improve sealing. Alternatively,
mechenishaw aroadty Batetie fentral metallic body 60 can be fabricated

from a soft metallic material that can deform outward in response to

applied pressure. The soft metallic material deforms against the bore of
[?&%Lv@n AR additenahgmbrdymmntidhesiated dadiigws fanBianpgdges or wipers 70
degradation, and create a, secondary metal-to-metal seal. [0026] While

“RPTIBRIRIhaLh dnenigh 1P BhRY dh& spits torkhdhis embortiment, wedges or
WZRBEATL o ose clled e a0t s oL 50 Y DU, e 24 and 2,
to force the legs 54 of the U-shaped metal seals 52 outward and thereby create a metal-to-
metal seal between the tips 56 of the legs 54 and the bore of the wellhead housing 11 and
the outer surface of the casing hanger 13. The wedges or wipers 70 additionally energize
the metallic body 60 to cause flowable soft metal 64 to be extruded out from the cavity
62. The soft metal 64 fills defects and accommodates surface degradation on the sealing
surfaces to improve sealing. Alternatively, rather than a cavity 62, the central metallic
body 60 can be fabricated from a soft metallic material that can deform outward in
response to applied pressure. The soft metallic material deforms against the bore of the

wellhead housing 11 to fill defects, accommodate surface degradation, and create a

secondary metal-to-metal seal.

[0026] While the invention has been shown in only one of its forms, it should be apparent
to those skilled in the art that it is not so limited but is susceptible to various changes

without departing from the scope of the invention.
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without departing from the scope of the invention. 10 WHAT IS CLAIMED
IS: 1. A wellhead assembly with an axis, characterized by: an outer
wellhead or treehead member member (11) having a bore; an inner
wellhead member (13) located in the bore; and an annular seal (27),
comprising: a set of metal seals (29), the seals (29) having legs (30) with
tips (32) that form opposing seal surfaces to sealingly engage the bore of

WD E @ieisaEtbmsmber or treehead member (11) and an exterior
portion of the inner member (13) when set into place between the outer

wellhead or treehead member (11) and the inner members (13), the legs
1(30) oh thvelinekhbsealsly2A9) ianiagin didectaieddayay from each other; and
a central section (31) located between the metal seals (29) that is
energinenlitey vee Hladlyréreghepel tinenblomenadibher ¢ lite hevirdipeddrmember or
treehead member (11) and an exterior portion of the inner member (13).
2. Theraiswemisitheadandinbetd Ahlocatefuintites boxpriding annular wedges
(40) each positioned within a channel formed by the legs (30) of each of
the miitangelarsseabR Dneootpiisingvadgesi(@eiairseadntat). wierseakHaldwving
(16) formed on the inner wellhead member (13), the wedges (40) being
I Iwiths (/6 10 thit foem| snpoyineserd sprfansstosadl isaty sB&aEs ke bore of

the outer wellhead member or treehead member (11) and an exterior portion of the inner
member (13) when set into place between the outer wellhead or treehead member (11)
and the inner members (13), the legs (30) of the metal seals (29) facing in directions
away from each other; and

a central section (31) located between the metal seals (29) that is energized to

sealingly engage the bore of the outer welthead member or treehead member (11) and an

exterior portion of the inner member (13).

2. The assembly according to claim 1, further comprising annular wedges (40) each
positioned within a channel formed by the legs (30) of each of the metal seals (29), one of
the wedges (40) in contact with a shoulder (16) formed on the inner wellhead member
(13), the wedges (40) being movable relative to the seals (29) between run-in and set

positions.

3. The assembly according to claim 2, wherein each of the wedges (40) has a detent
(46) on an outer surface that engages a recess (44) formed on the interior surface of one

of the legs (30) to initially hold the wedge (40) in a run-in position.
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3. The assembly according to claim 2, wherein each of the wedges (40)
has a detent (46) on an outer surface that engages a recess (44) formed
on the interior surface of one of the legs (30) to initially hold the wedge
(40) in a run-in position. 11 4. The assembly according to claim 2, wherein
a force is applied by a running tool to an upper one of the wedges (40)
and transmitted through the lower one the wedges (40) to the shoulder
(16) located on the inner wellhead member (13), the shoulder (16) acting
as a reaction point to force the wedges (40) into the channels in the set

@OSiti%éasIQﬁb?f%é&ka'Mgﬂﬁ?Qfﬁm 9 1Q A 4 (HOSIEIBIIG 1503 f3NifS tool to

the metal seals (29) form a U-shape. 6. The assembly according to claim

ah YPBEF8H URHAIAI 8 U 4R) atphardechiBbeH:ApWat SREURNeHdes/(40)

The assembly according to claim 1, wherein the central section (31) is

sl def @ )atrstedsal kdaierivktheaeasianee (IS INAEsRIUNRING 6) acting
attached to a side of each of the metal seals (29) opposite the legs (30)

andaitdohediton fechodnaidheouey buwfaeerineashahshe: lpgsti@Q), the
elastomeric material protruding outward and inward to thereby wipe the
bore of the outer wellhead member (11) during installation. 8. The
assembly according to claim 1, wherein the central section (31) is made
Sout ofThaastediid neateridihgl® claim 1, wherein the legs (30) of the metal seals (29)

form a U-shape.

6. The assembly according to claim 1, wherein the metal seals (29) are bonded to the

central section (31).

7. The assembly according to claim 1, wherein the central section (31) is made out
of an elastomeric material, the elastomeric material being attached to a side of each of the
metal seals (29) opposite the legs (30) and attached to a portion of the outer surface of
each of the legs (30), the elastomeric material protruding outward and inward to thereby

wipe the bore of the outer wellhead member (11) during installation.

8. The assembly according to claim 1, wherein the central section (31) is made out

of a metallic material.
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i 19. The assembly according to claim 8, wherein the metallic material is a
soft metal that deforms against the bore of the outer wellhead member
(11) and an exterior portion of the inner wellhead member (13) when
energized. 10. The assembly according to claim 1, wherein the central
section (31) comprises a metallic body (60) having a cavity (62)
containing a flowable metallic compound (64) that flows out of the cavity

9(62) afRbInQSRAIRGGAROTERMH W R ABR AR AQL IR WEIREAL metal
members (11, 13) through passages (66) that extend from the cavity (62),

tiheddTeiadl i sias BRUNABANEQNIBOWRI IRSRONSR - 2PPigH RFESEERr pdrtion
The assembly according to claim 1, wherein the central section (31)

of e piisesvallnegdalisdedyl 6HWHRa\RG advity (62) containing a graphite
intercalated compound that flows out of the cavity (62) and into sealing
engagement with the outer and inner wellhead members (11, 13) through
passages (66) that extend from the cavity (62), the graphite intercalated
1¢ompohedstioalingaieaosking nseldoral tevhpaiiatticoehanige diei (Bigreaspsses a
the volume of the graphite intercalated compound. 12. The assembly
metdbedindyt(o0heinvihg wieevein(i2e tegmifdny offiveabparctalbtat@epdu(ip4)
face upward and the legs (30) of the lower metal seal (30) face downward.
thag{lowe ewsdithislyaatyd@inapdointiarerlingwreagensat ivoh the ewtstigad (Ao
have a detent (46) on an outer surface that engages a recess (44) formed
wehhead memisrss(hfadd) theough passages (66) that extend from the cavity (62), the

metallic compound (64) flowing in response to applied pressure.

11. The assembly according to claim 1, wherein the central section (31) comprises a
metallic body (60) having a cavity (62) containing a graphite intercalated compound that
flows out of the cavity (62) and into sealing engagement with the outer and inner
wellhead members (11, 13) through passages (66) that extend from the cavity (62), the
graphite intercalated compound flowing in response to a temperature change that

increases the volume of the graphite intercalated compound.

12. The assembly according to claim 1, wherein the legs (30) of the upper metal seal

(29) face upward and the legs (30) of the lower metal seal (30) face downward.

13. The assembly according to claim 2, wherein each of the wedges (40) have a

detent (46) on an outer surface that engages a recess (44) formed on the interior surface
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| k of one of the legs (30) to initially hold the wedge (40) in an onset
position, the wedge (40) being forced substantially into the channel when
in set position. ~1) 14. The assembly according to claim 1, wherein: the
central section (31) comprises a metallic central section (60) located
between the metal seals (29) fabricated from a soft metallic material that
can deform outward against the bore of the outer wellhead member (11)

FUhEBIRHOTBOM 9?&1?81&%%5@%'@8@% DRMAGH ki i AaletsRAge

accommodate surface degradation in reSponse to applied pressure

dutipaipsilationahihg Seats (ROnureIsidhe meipllig;grntral section

(60) creates a secondary metal-to-metal seal; the metallic section (60) is
attached to the base of the metal seals (29); the metallic central section
(60) sealingly engages the bore of the outer wellhead member (11) and

1N exteniosRerinn Aktigingnecurpineagdrgmber (13) when energized;
and upper and lower wedges (40) positioned within the U-shaped

channgils @hih sepioar ANt iphyeises atalctails detBalrespiostige)yotatédrogween
the legs (30) of each of the metal seals (29) outward into sealing contact
theitindtad sealke(2ah thinivated éithe adof ematadlis fddteriiBihat4an deform outward
against the bore of the outer wellhead member (11) and exterior portion of the inner
wellhead member (13) to fill defects and accommodate surface degradation in response to
applied pressure during installation of the seals (29), wherein
the metallic central section (60) creates a secondary metal-to-metal seal;
the metallic section (60) is attached to the base of the metal seals (29);
the metallic central section (60) sealingly engages the bore of the outer wellhead
member (11) and an exterior portion of the inner wellhead member (13) when energized;
and
upper and lower wedges (40) positioned within the U-shaped channels of the

upper and lower metal seals (29), respectively, to force the legs (30) of each of the metal

seals (29) outward into sealing contact with the outer and inner wellhead members (11,

13).
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